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In this study, the effects of 1-methylcyclopropene (1-MCP) treatments on ripening properties, posthar¬ 
vest characters, antioxidant activity, organic acids and sugar contents in medlar (Mespilus germanica L. 
cv. Istanbul) fruit were investigated. Medlar fruit were harvested at commercial harvest maturity and 
treated with 0.2, 0.4 and 0.6 |xLL~' of 1-MCP for 24 h at 0±0.5°C in a hermetically sealed 100 L contain¬ 
ers, and stored under the palliflex storage system (21% 0 2 +0.03% C0 2 ) at 0±0.5°C temperature with 
90 ± 5% RH for 60 days. Most of the physiological and biochemical changes during storage and ripening 
were affected by 1-MCP in a dose-dependent manner. The two higher concentrations 1-MCP treatments 
extended the storage life, decreased weight loss and delayed the rate of softening, loss of taste, browning 
incidence in skin color (C* and h° values). 1-MCP treatments also retarded the decline of titratable acidity. 
During the early stage of storage, total phenolics, total flavonoids, total condensed tannins, ascorbic acid, 
antioxidant activity and organic acids gradually decreased in all treatments. The reduced changes in the 
total phenolics, total flavonoids, total condensed tannins, ascorbic acid, antioxidant activity, as well as 
individual organic acid (malic and oxalic acids) contents showed the effectiveness of 0.4 and 0.6 p,LL _1 
1-MCP in retarding fruit ripening. These results demonstrate that 0.4 and 0.6 p.LL -1 1-MCP treatments 
were effective in extending postharvest life and maintaining the quality of medlar fruit. 

© 2014 Elsevier B.V. All rights reserved. 


1. Introduction 

Medlar (Mespilus germanica L.) is a member of the Rosaceae fam¬ 
ily and is native to southeastern Europe, Anatolia, Crimea, Caucasia 
and the northern parts of Iraq and Iran. The medlar fruit is brown, 
sometimes reddish tinged, pear and apple shaped fruit ranging 
from 1.5 to 3 cm in diameter and weighing from very small (about 
lOg) to large (more than 80g) (Browicz, 1972). The fruit is hard 
when ripe, and they become brown, soft, sweet and edible after 
harvesting (Dirr, 1990). 

The medlar fruit has gained in popularity in human consumption 
and commercial importance in recent years. Medlar fruit is a rich 
source of health promoting phytochemicals including antioxidants, 
such as phenolics, flavonoids, ascorbic acid and tannins (Ayaz et al., 
2008; Rop et ah, 2011; Gruz et ah, 2011; Gulcin et ah, 2011; Nabavi 
et ah, 2011; Selcuk and Erkan, 2015). 
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The medlar fruit is widely grown and consumed in Turkey, and 
in northeast Anatolia (Turkey), both wild and cultivated forms are 
grown, and their fruit is used in different ways. The astringency 
of the fruit is well known and it has been reported that pulp or 
syrup of the ripened fruit was a popular remedy against enteri¬ 
tis and has many human healing properties. The medlar fruit is 
also used as treatment of constipation, as a diuretic and to rid the 
kidney and bladder of stones (Baytop, 1999). Medlar fruit are har¬ 
vested through October and November in the northern hemisphere. 
In October, the hard fruit is harvested and stored in cold, dark and 
ventilated places. However, a substantial part of the crop at differ¬ 
ent stages of maturity is left on the trees, and is harvested later after 
fruit softening has started. The fruit is often consumed or sold in 
the local markets and stores. Medlar fruit show a typical climacteric 
ripening behavior (Ayaz et al„ 2002; Selcuk and Erkan, 2015) and 
their quality properties change sharply after harvest. As in other 
climacteric species, ripening triggers softening and results in an 
increase in total soluble solids content and a decrease in titratable 
acidity. Medlar fruit is highly perishable and susceptible to skin 
and flesh browning, fast softening and water loss after harvest, 
which greatly affects its edible and commercial value. Generally, 
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the fruit quality markedly decreases at room temperature for about 
3-5 days after harvest. Reduction of fast softening should therefore 
be avoided during postharvest handling and storage to protect fruit 
quality and increase postharvest life. To limit these problems, med¬ 
lars are handled and stored at cold temperatures by using different 
storage methods such as the palliflex storage system (Selcuk and 
Erkan, 2015). 

The palliflex storage system is suitable for short and long term 
storage under CA and ultra low oxygen (ULO) conditions. In this 
storage system, it is possible to set desired O 2 and CO 2 composi¬ 
tions in individual pallets by creating CA conditions. 0 2 and C0 2 
can be automatically injected or removed, based on operator set 
points programmed into the controller. This system is suitable for 
different fruit and vegetables in the same storage room, because 
it can provide different atmosphere compositions for individual 
pallets. The palliflex storage system is similar to CA and extends 
the useful marketing period of fresh produce during storage, trans¬ 
portation, and distribution by maintaining quality, nutrition, and 
market value of the produce beyond that achieved via the use of 
cold storage alone (Dogan and Erkan, 2014). In addition, the pal¬ 
liflex storage system has been shown to retard the degradation of 
bioactive compounds. Selcuk and Erkan (2015) reported that med¬ 
lar can be benefited by 2% 0 2 with 5% C0 2 atmospheres in palliflex 
storage at a temperature of 0°C, extending its postharvest life. 

1-Methylcyclopropene (1-MCP) inhibits ethylene action and 
prevents ethylene-dependent responses such as softening and 
senescence of vegetables and fruit tissues (Sisler and Serek, 1997). 
1-MCP, a strong blocker of ethylene receptors, is being used as 
a tool to further investigate the role of ethylene in ripening and 
senescence, and as a potential commercial tool to maintain prod¬ 
uct quality (Blankenship and Dole, 2003; Watkins, 2006). 1-MCP 
has been shown to reduce ethylene production and to delay soft¬ 
ening in many fruit, such as apple, apricot, plum, avocado, peach, 
nectarine and pear (Watkins et al., 2000; Watkins, 2006). In the 
present study, 1-MCP was used to understand the softening and 
browning process occurring in medlar fruit during long term stor¬ 
age. 1-MCP has been extensively used on fruit at the experimental 
level in order to understand the mechanisms controlling the phys¬ 
iology and biochemistry of the ripening processes, and the effect 
of 1-MCP in delaying ripening has been studied on fruit including 
guava (Singh and Pal, 2008), apple (Fawbush et al., 2009), cheri- 
moya (Li et al., 2009), pear (Li et al., 2013), mangosteen (Piriyavinit 
et al„ 2011), plum (Singh and Singh, 2012; Minas et al., 2013), avo¬ 
cado (Zhang et al., 2011), litchi (Sivakumar and Korsten, 2010), 
high bush blueberry (Chiabrando and Giacalone, 2011 ) and jujube 
(Zhang et al., 2012 ). These data indicate that 1 -MCP has potential for 
the commercial control of ripening and softening of different har¬ 
vested horticultural crops. However, to the best of our knowledge, 
there is no information available on the effects of 1-MCP treat¬ 
ment on the storage of medlar fruit showing climacteric ripening 
behavior. In this study, we aim to investigate the effect of 1-MCP 
treatment of the medlar fruit on their postharvest characters such 
as visual quality, physiological and biochemical parameters in the 
palliflex storage system at 0°C, and to provide information that 
might lead to a longer storage life for this short-lived crop. 


2. Materials and methods 

2.1. Fruit material 

Medlar fruit (Mespilusgermanica L. cv. Istanbul) were harvested 
from a commercial orchard in Egirdir, Turkey, at the commercial 
maturity stage [total soluble solids (TSS) = 15.17%; total titratable 
acidity (TA) = 1.13%; firmness = 14.70 Nj in the end of October. After 
harvest, medlars were immediately transported within 2 h via a 


refrigerated truck to the postharvest laboratory and cold storage 
facilities of the Department of Horticulture at Akdeniz University 
(Antalya, Turkey). Fruit were selected for uniformity of shape, color 
and size, and any blemished or diseased fruit were discarded. 

2.2. 1 -MCP treatments and storage conditions 

SmartFresh™ (1-MCP 0.14%) was supplied by AgroFresh Inc. 
(Rohm and Haas Inc., Turkey). Different amounts of the powder 
were weighed and distilled water was added to obtain doses of 0.2, 
0.4 and 0.6 p,LL _1 . 

Fruit were replaced into polypropylene plastic punnets 
(10 cm x 20 cm) and punnetted fruit (forty fruit per punnet) were 
separated into four groups with three replicates. Each set of three 
replicates was given one of four treatments: (1) control fruit 
(OpXL- 1 1-MCP), (2) 0.2P.LL- 1 1-MCP, (3)0.4p,LL-’ 1-MCP, and 
(4) 0.6p,LL _1 1-MCP, applied for 24 h at 0±0.5°C in a hermeti¬ 
cally sealed 100L container. After 1-MCP treatment, treated and 
untreated (control) fruit were stored in the palliflex storage sys¬ 
tem (21% 0 2 + 0.03% C0 2 ) at 0±0.5°C temperature with 90±5% 
RH for 60 days. 0 2 and C0 2 levels in the palliflex were established 
by a flow-through system and maintained at 21% 0 2 +0.03% C0 2 
set level during the entire storage period. Fruit were evaluated on 
0, 15, 30, 45, and 60 days of cold storage. For each evaluation, 
three punnets (n = 120; forty fruit per punnet) from each treat¬ 
ment were processed. Fruit behavior during storage was assessed 
on the basis of weight loss, taste, fruit firmness, browning index, 
skin color, titratable acidity, total soluble solids, total phenolics, 
total flavonoids, total condensed tannins, ascorbic acid, antioxidant 
activity, organic acids and sugars. 

2.3. Weight loss 

Weight loss was determined by weighing the punnets at the 
beginning of the experiment (day 0) and at 15 day intervals. Cumu¬ 
lative weight loss was expressed as percentage loss of the initial 
total weight. 

2.4. Taste analysis 

Medlar fruit is very hard, astringent, and not edible at har¬ 
vest and during the first 15 days of storage. So, taste analysis was 
assessed in fruit taken out of storage after 30, 45 and 60 days. 
Fruit were equilibrated to 20 °C before sampling. A taste panel of 
five experts trained evaluators used a scale of 1-5, where 1 indi¬ 
cates extremely low taste and 5, extremely good taste 1 = very 
poor; 2 = poor (limit of acceptable taste); 3 = good; 4 = very good; 
5 = excellent. Scores of 3 or above were considered acceptable for 
commercial purposes. 

2.5. Firmness 

Flesh firmness was measured using a hand-held penetrometer 
(Digital Force Gauge, Chatillon 20755, Florida, USA) equipped with 
a conical probe (12 mm in diameter), measuring the peeled equa¬ 
torial surface on 3 sides of the fruit. The results were expressed as 
newtons. For each test, 40 fruit with 3 replications were used. 

2.6. Decay incidence 

Fruit decay was visually evaluated during the experiment. Any 
medlars with visible mold growth were considered decayed. Decay 
was expressed as a percentage of total fruit. 
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2.7. Measurement of external browning index 

Fruit browning was determined in 40 fruit with 3 replications. 
General appearance was estimated by measuring the extent of the 
browned area on fruit skin. The external browning index (EB1) 
was rated as 1 = none (excellent quality); 2 = slight (browning area 
<5%); 3 = moderate (browning area 5-25%); 4 = moderately severe 
(browning area 25-50%); 5 = extreme (browning area >50%). The 
EBI was calculated as E{(browning rating) x (number of fruit with 
the browning rating)}/(total number of fruit in the sample) (Yang 
etal., 2010). 

2.8. Skin color 

External skin color (three measurements at three equidistant 
points on the equatorial region of each individual fruit) was mea¬ 
sured on 40 fruit from each replicate using a color meter (CR 200, 
Minolta, Ramsey, NJ, USA) and recording CIE L*, a*, and b* values. 
Negative a* values indicate green and positive a* values red color. 
Higher positive b* values indicate a more yellow skin color and 
negative b* blue color. These values were then used to calculate 
hue angle, where 0° = red-purple; 90° = yellow; 180° = bluish green; 
and 270° = blue (McGuire, 1992), and Chroma, which indicates the 
intensity or color saturation. 

2.9. Titratable acidity, and total soluble solids 

Twenty grams of flesh tissue from the forty fruit per replicate 
were homogenized in 80 mL of distilled water. The homogenates 
were centrifuged at 20,000 x g for 20 min at 30 °C. A lOmL aliquot 
of supernatant was diluted with 30 mL of distilled water. The pH 
value was determined using a pH meter (720 WTW, Inolab, Weil- 
heim, Germany) with a glass electrode. Titratable acidity (TA) was 
determined by titrating lOmL of supernatant in 30 mL of distilled 
water with NaOH 0.1 N to an end point of pH 8.1 and expressed as 
a percent of citric acid equivalents. Total soluble solids (TSS) were 
measured by a digital refractometer (Model Number REF121, Atago, 
China) and expressed as percent. 

2.10. Total phenolic contents, total flavonoid contents, total 
condensed tannin contents and determination of antioxidant 
activity using DPPH assay 

Medlar fruit were stored at -20 °C until analyzed. Total phen- 
olics, total flavonoids, total condensed tannins and antioxidant 
activity in the frozen fruit were extracted according to the meth¬ 
ods of Zheng et al. (2003) with slight modifications. To prepare 
the fruit extracts, forty medlars from frozen samples from each 
replicate were cut into small slices, mixed. Three 5 g samples from 
each replicate were extracted with 50 mL of 80% acetone contain¬ 
ing 0.2% formic acid using a homogenizer (Heidolph Silent Crusher 
M Homogenizer P/N-595-06000-00, Germany) for 2 min and then 
centrifuged at 20,000 xg for 20min at 4°C. The supernatant was 
used for analysis of total phenolics, total flavonoids, total con¬ 
densed tannins and antioxidant activity. 

The total phenolic analyses were performed using the method 
described by Spanos and Wrolstad (1990). For this purpose, 100 p,L 
of the sample extract, 900 p,L of nanopure water, and 5 mL of 0.2 N 
Folin-Ciocalteu reagent were added to a 15 mL volumetric flask. 
The contents were mixed and allowed to stand for 5 min at room 
temperature. Next, 4mL of saturated sodium carbonate (75 gL 1 ) 
was added. Solutions were mixed and allowed to stand at room 
temperature for 2 h. The absorbance of the final solution was 
recorded with a spectrophotometer (Analytic Jena UV-Vis L 40, 
Germany) at 765 nm wavelength against the blank solution (80% 


aqueous acetone). The results were expressed as mg of gallic acid 
equivalent per lOOg of fresh weight (mg GAE 100 g _1 fw). 

Total flavonoid contents of the medlars extracts were deter¬ 
mined using a colorimetric method described by Chang et al. (2006). 
500 p,L of diluted fruit extract was mixed with 2.5 mL of distilled 
water. At zero time, 150 p,L of (5% w/v) NaN0 2 was added. After 
5 min, 300 pX of (10% w/v) AICI3 was added. At 6 min, 1 mL of 1 M 
solution of NaOH were added, and the final volume was made up 
to 5 mL with distilled water. The mixture was shaken vigorously 
and the absorbance was measured at 510 nm against a prepared 
blank solution (80% aqueous acetone). The results were expressed 
as mg of (+)-catechin equivalent per lOOg of fresh weight (mg CE 
100g _1 fw). 

For the determination of total condensed tannins, the 
vanillin-HCl method described by Broadhurst and Jones (1978) was 
adapted. Briefly, 0.5 mL of the extract was added to 3 mL of vanillin 
reagent (4%, w/v, vanillin in methanol) and mixed thoroughly. To 
this mixture 1.5 mL concentrated hydrochloric acid was added and 
vortex mixed. The solution was kept in the dark for 15 min at 
room temperature and the absorbance was read at 500 nm. A blank 
sample was prepared using the same procedure, but replacing the 
0.5 mL of extract with the solvent used in extraction. The results 
were expressed as mg of (+)-catechin equivalent per 100 g of fresh 
weight (mg CE 100g~' fw). 

The antioxidant activity of the samples was analyzed by using 
2,2-diphenyl-l-picrylhydrazyl (DPPH) assay according to the pro¬ 
cedures of Gadow et al. (1997) and Maisuthisakul et al. (2007). 

A 100 p,L aliquot of the diluted sample extract (prepared at 5 
different concentrations to achieve 10-90% inhibition of DPPH 
radical) was added to 4 mL of freshly prepared DPPH (2,2-diphenyl- 
1-picryhydrazyl radical) solutions (6 xlO _5 M in MeOH). The 
mixtures were shaken and kept in the dark at room temperature for 
30 min. Absorbance values were recorded at 515 nm with respect 
to control solution (80% MeOH instead extract in DPPH solution). 
The antioxidant activity of the samples was expressed as percent¬ 
age inhibition of the DPPH radical which was calculated by using 
the following Eq. (1 ): 


/(%) = 


r(Ac-As)i 
. Ac . 


X 100 


( 1 ) 


where 1 is the inhibition percentage, A c and A s are the absorbance 
values of the control and test samples, respectively. 

The sample extract concentration providing 50% inhibition 
(EC 50 ) of the DPPH radical was calculated by plotting the concen¬ 
tration versus inhibition percentage (%). Using the same procedure, 
EC 50 value of Trolox solution was also determined to compare 
antioxidant activity of the samples. Antioxidant activity of sam¬ 
ples was also expressed as Trolox equivalent antioxidant capacity 
(TEAC). 


2.11. Extraction and HPLC analysis of ascorbic acid, organic acids 
and sugars 

An Agilent 1100 series HPLC system integrated with an autosam¬ 
pler (G1313A), including temperature control for the column 
(G1316A), a degasser system (G1379A), a quaternary gradient 
pump (G1311A), a photodiode-array detector (G1315B), a refrac¬ 
tive index detector (1200 series), and a software package for system 
control and data acquisition (Agilent Chemstation software) were 
used for analyses. 

Ascorbic acid (vitamin C) was extracted from the medlars fol¬ 
lowing a modified method of Karhan et al. (2004). Fruit were 
stoned and homogenized for 1 min at medium speed in a man¬ 
ual blender. The homogenate (20 g) was added to 60 mL of 6% 
metaphosphoric acid with a homogenizer (Heidolph Silent Crusher 
M Homogenizer P/N-595-06000-00, Germany) at medium speed 
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for 1 min. Extracts were centrifuged at 20,000 xg for 15 min at 
4°C and the supernatant was collected into a 100 mL volumetric 
flask. One mL of the extract was filtered through a membrane fil¬ 
ter (0.45 |xm, Macherey Nagel, Germany) and a 20 p,L sample was 
used for HPLC analysis of ascorbic acid. Extracts were analyzed 
using a liquid chromatograph equipped with a diode array detec¬ 
tor monitoring at 254 nm. Separations were achieved on an Luna 
C18 (2) column (4.6mm x 150 mm, 5 p,m) fitted with a guard col¬ 
umn (4 mm x 3.0 mm, 5 p.m) of the same material (Phenomenex, 
CA). HPLC elution was carried out at 30 °C using 20 mM 1<H 2 P0 4 
pH 3.0/Acetonitrile (95:5) as the mobile phase at a flow rate of 
0.7 mLmin^ 1 . Results were expressed as mg ascorbic acid lOOg^ 1 
of fresh weight. 

For organic acids and sugars, fruit were stoned and homoge¬ 
nized with a manual blender. Twenty grams of mashed fruit were 
weighed and homogenized at medium speed for 5 min with 80 mL 
of deionized water and then shaken for 30 min. The homogenates 
were centrifuged at 20,000 x g for 20 min at 30 °C and the super¬ 
natant was collected into a 100 mL volumetric flask. One mL of the 
extract was filtered through a membrane filter (0.45 p,m, Macherey 
Nagel, Germany) and a 20 p,L sample was used for HPLC analysis of 
sugars (glucose, fructose) and organic acids (malic, succinic, quinic, 
oxalic and citric). 

Organic acids were analyzed isocratically with Rezex ROA- 
Organic Acid H+ (8%) (8 pan, 300 mm x 7.8 mm l.D. Phenomenex) 
column. HPLC elution was carried out at 55 °C using 0.005 N Sulfu¬ 
ric acid as the mobile phase at a flow rate of 0.5 mLmin 1 . Organic 
acids were identified and quantified by using a UV detector with 
wavelength set at 210 nm and by comparison of retention times 
and peak areas with standard solutions of known organic acids. 
The contents were expressed as mg 100 g 1 of fresh weight. 

Sugars were analyzed isocratically with a Rezex RCM column 
(5 pm, 300 mm x 7.8 mm, Phenomenex) at 80 °C using an RI detec¬ 
tor. Deionized water was used as the mobile phase, with an 
injection volume of 20 pL, and a flow rate of 0.6mLmin _1 . The 
contents were expressed as mg 100 g 1 of fresh weight. 

Authentic standard compounds were purchased from Merck 
KGaA (Darmstadt, Germany) and Sigma-Aldrich (Chimie S.a.r.L, 
Lyon, France). For ascorbic acid, organic acids and sugars quan¬ 
tification, external standard calibration curves for the identified 
components. Five injections were made for each calibration level. 
For the linear regression of the curves of external calibration stan¬ 
dards, r 2 values were between 0.995 and 0.999. 

2.32. Statistical analysis 

The research was conducted using a randomized factorial exper¬ 
imental design. The factors were 1-MCP concentration and storage 
time (0,15, 30, 45, 60 days). The data were analyzed using the Sta¬ 
tistical Analysis System software program, version 9.0 (SAS Inst., 
Cary, NC, USA) and treatments means were statistically compared 
using Duncan’s multiple range test (P<0.05). When the interac¬ 
tions were found not significant, overall value (means) and their 
comparisons were used. 

3. Results and discussion 

3.1. Weight loss 

The weight loss in control and 1-MCP treated medlars increased 
during the whole storage period (Table 1). Fruit treated with 1- 
MCP at any concentrations examined had lower weight losses than 
controls. At 60 days of storage, weight loss of the control medlars 
reached the maximum of 1.82%, whereas that of 0.6 pLL -1 1-MCP 
treated medlars reached values of 1.32%. This result suggests that 


0.6pLL -1 1-MCP treatment in palliflex storage system was quite 
effective at reducing weight loss. Similar effects of 1-MCP or/and 
CA storage on reducing of weight loss of fruit have been observed 
for pear (Mahajan et al., 2010), litchi (Sivakumar and Korsten, 2010) 
and high bush blueberry (Chiabrando and Giacalone, 2011 ). 

3.2. Taste 

After 30, 45 and 60 days of storage, fruit were tested using 
taste panels. After 30 days of storage, there were no significant dif¬ 
ferences between control and 1-MCP treatments on taste scores. 
However, after 45 and 60 days of storage, the medlars treated with 
0.4 and 0.6 pLL -1 1-MCP had higher taste scores than 0.2 pLL^ 1 
1-MCP treated and control fruit (Table 1). In all treatments, fruit 
were still of acceptable taste at the end of the storage. The taste of 
the fruit depend upon the complex interaction of sugars, organic 
acids, phenolics and more specialized flavor compounds (Tucker, 
1993). Of these components, sugars are one of the most important 
affecting fruit taste and quality, since composition and amount of 
accumulated sugars in fruit directly influences sweetness (Itai and 
Tanahashi, 2008). 

3.3. Flesh firmness 

Flesh firmness of medlar fruit is one of the most common physi¬ 
cal parameters to assess the progress of fruit softening and ripening. 
It directly affects postharvest life and commercial market value 
of the medlars. During storage, firmness values of all the treat¬ 
ments decreased with storage time. These decreases were more 
pronounced in control and 0.2 p.LL _1 1-MCP treated fruit than 0.4 
and 0.6 p,L L _1 1 -MCP treated fruit. The maximum retention in firm¬ 
ness was obtained from the fruit treated with 0.4 and O^piLL^ 1 
1-MCP, with 8.61 N and 8.93 N firmness values (overall), respec¬ 
tively (Table 1 ). These data clearly indicated that 0.4 and 0.6 p.L L -1 
1-MCP treatments after harvest delayed medlar fruit softening at 
0°C. Retention of firmness is very important for long term stor¬ 
age of medlars, because this fruit is very susceptible to softening, 
in contrast to many other horticultural crops. Tissue softening of 
fruit and vegetables is the most apparent change that occurs after 
harvest. Generally, the loss of fruit firmness during storage occurs 
mainly due to the change of water-insoluble protopectins into 
water-soluble pectins (Kays, 1991). Medlar fruit is characterized 
by rapid softening after harvest, which is the major factor limiting 
postharvest life of medlars (Selcuk and Erkan, 2015). The present 
work showed that 1-MCP treatments inhibited the decline in fruit 
firmness. This can be attributed to the function of ethylene in reg¬ 
ulating the activity of softening-related metabolism (Jeong et al., 
2003) and this suggests a decrease in activity of softening enzymes 
induced by 1-MCP (Lohani et al., 2004). Similar effects of 1-MCP 
on delaying the softening of fruit have been observed for guava 
(Singh and Pal, 2008), apple (Fawbush et al., 2009), cherimoya (Li 
et al., 2009), pear (Mahajan et al„ 2010; Li et al., 2013), mangosteen 
(Piriyavinit et al., 2011 ), goldenberry (Valdenegro et al., 201 2), plum 
(Singh and Singh, 2012; Minas et al., 2013), avocado (Zhang et al„ 
2011), litchi (Sivakumar and Korsten, 2010), high bush blueberry 
(Chiabrando and Giacalone, 2011) and jujube (Zhang et al., 2012). 

3.4. Decay incidence and external browning index 

No signs of decay were observed in palliflex storage system 
during entire storage period. However, external browning is also 
an important problem during storage of medlar fruit. The exter¬ 
nal browning of control and 1-MCP treated fruit appeared at 30 
days after storage and then progressively increased as storage dura¬ 
tion increased (Table 1). The 0.4 and 0.6p,LL _1 1-MCP treated 
fruit showed slight browning incidence at 30 days after storage 
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Table 1 

Weight loss, taste, firmness, external browning index, L', C* and h° values, pH, total titratable acidity and total soluble solids of‘Istanbul’ medlars during cold storage. 


Testing index Treatments Storage time (days) 





Day 0 

Day 15 

Day 30 

Day 45 

Day 60 

Overall 

Weight loss (%) 

Control 


- 

0.41k 

0.89h 

1.38d 

1.82a a 

1.12A b 


0.2 pLL- 1 

1-MCP 

- 

0.201 

0.65i 

1.18f 

1.68b 

0.93B 


0.4 pLL- 1 

1-MCP 

- 

0.181 

0.61i 

1.06g 

1.44c 

0.82C 


0.6 p.LL _1 

1-MCP 

- 

0.12m 

0.49j 

0.90h 

1.32e 

0.71D 


Overall 



0.22d 

0.66c 

1.13b 

1.57a 


Taste c 

Control 


_ 

- 

4.20bc 

3.60cd 

2.60e 

3.47B 


0.2 pLL- 1 

1-MCP 

- 

- 

4.20bc 

4.40ab 

3.00de 

3.87B 


0.4 pLL- 1 

1-MCP 

- 

- 

4.00bc 

5.00a 

4.40ab 

4.47A 


0.6 pLL- 1 

1-MCP 

- 

- 

4.00bc 

5.00a 

4.40ab 

4.47A 


Overall 




4.10b 

4.50a 

3.60c 


Firmness (Newton) 

Control 


14.77a 

11.65b 

4.99de 

3.20ef 

0.71g 

7.06C 


0.2 pLL- 1 

1-MCP 

14.77a 

12.48b 

6.81 cd 

4.67e 

1.37fg 

8.02B 


0.4 pLL- 1 

1-MCP 

14.77a 

12.67b 

7.30c 

6.82cd 

1.50fg 

8.61AB 


0.6 pLL- 1 

1-MCP 

14.77a 

12.75b 

7.70c 

7.45c 

1.99fg 

8.93A 


Overall 


14.77a 

12.39b 

6.70c 

5.53d 

1.39e 


Browning index d 

Control 


l.OOg 

l.OOg 

3.00cd 

4.67a 

5.00a 

2.93A 


0.2 pLL- 1 

1-MCP 

l.OOg 

l.OOg 

2.67de 

4.00b 

5.00a 

2.73B 


0.4 |xLL-’ 

1-MCP 

l.OOg 

l.OOg 

2.33ef 

3.33c 

5.00a 

2.53C 


0.6 p.LL _1 

1-MCP 

l.OOg 

l.OOg 

2.OOf 

3.00cd 

5.00a 

2.40C 


Overall 


l.OOd 

l.OOd 

2.50c 

3.75b 

5.00a 


L* 

Control 


56.60a 

54.27b 

53.94b 

47.50cd 

44.45e 

51.35A 


0.2 pLL 1 

1-MCP 

56.60a 

54.31b 

54.22b 

48.40c 

45.16e 

51.74A 


0.4 piLL- 1 

1-MCP 

56.60a 

54.33b 

54.26b 

48.62c 

45.48de 

51.86A 


0.6 p.LL~' 

1-MCP 

56.60a 

54.75ab 

54.54ab 

49.05c 

46.12de 

52.21A 


Overall 


56.60a 

54.41b 

54.24b 

48.39c 

45.30d 


C* 

Control 


38.56a 

35.53a 

29.56c 

21.67de 

18.49f 

28.76B 


0.2 pLL 1 

1-MCP 

38.56a 

37.45a 

29.69c 

21.82de 

18.81 f 

29.27B 


0.4 pLL- 1 

1-MCP 

38.56a 

37.25a 

32.65b 

22.05de 

19.28ef 

29.96AB 


0.6 pLL- 1 

1-MCP 

38.56a 

37.39a 

32.83b 

24.26d 

20.33ef 

30.67A 


Overall 


38.56a 

36.90b 

31.19c 

22.45d 

19.23e 


h° 

Control 


83.54a 

82.50a 

79.45a 

66.47c 

57.54d 

73.90B 


0.2 pLL- 1 

1-MCP 

83.54a 

82.97a 

80.34a 

66.55c 

57.84d 

74.25B 


0.4 pLL- 1 

1-MCP 

83.54a 

83.17a 

81.66a 

71.27b 

61.30d 

76.19A 


0.6 pLL- 1 

1-MCP 

83.54a 

83.48a 

82.27a 

72.40b 

65.57c 

77.45A 


Overall 


83.54a 

83.03a 

80.93b 

69.17c 

60.56d 


TA(% malic acid) 

Control 


1.18a 

1.15a 

0.90b 

0.75cd 

0.61e 

0.92B 


0.2 pLL- 1 

1-MCP 

1.18a 

1.16a 

1.10a 

0.82bc 

0.62e 

0.98A 


0.4 pLL- 1 

1-MCP 

1.18a 

1.15a 

1.12a 

0.85b 

0.67de 

1.00A 


0.6 pLL- 1 

1-MCP 

1.18a 

1.17a 

1.14a 

0.87b 

0.70de 

1.01A 


Overall 


1.18a 

1.16a 

1.06b 

0.82c 

0.65d 


TSS (%) 

Control 


15.17f 

16.00cde 

16.73abc 

17.00ab 

16.67abc 

16.23A 


0.2 pLL- 1 

1-MCP 

15.17f 

16.00cde 

16.67abc 

16.83ab 

17.17a 

16.37A 


0.4 p.LL _1 

1-MCP 

15.17f 

15.83def 

16.50ad 

16.67abc 

17.17a 

16.27A 


0.6 p.LL _1 

1-MCP 

15.17f 

15.67ef 

16.33be 

16.67abc 

16.83ab 

16.13A 


Overall 


15.17d 

15.88c 

16.56b 

16.79ab 

16.96a 



TA, total titratable acidity; TSS, total soluble solids. 

a Means in the same row with different letters are significantly different at P< 0.05 by Duncan’s multiple range test. 
b Means in the same column with different letters are significantly different at P< 0.05 by Duncan’s multiple range test. 

c The taste analysis was conducted on the base of a 5 point hedonic scale, where: 1 =very poor; 2 = poor (limit of acceptability); 3 = good; 4 = very good; 5 “excellent. 
d The external browning index (EB1) was rated as 1 = none (excellent quality); 2 = slight (browning area <5%); 3 = moderate (browning area 5-25%); 4 = moderately severe 
(browning area 25-50%); 5“extreme (browning area >50%). 


and their browning indices were lower than those of both con¬ 
trol and 0.2 (xLL -1 1-MCP treated fruit. The treatments with 0.4 
and 0.6 jjlL L —1 1-MCP had the strongest inhibitory effect on exter¬ 
nal browning (overall values), although after 60 days of storage all 
fruit in all treatments had skin external browning. Polyphenol oxi¬ 
dase (PPO) and phenolics are responsible for some of the enzymatic 
browning in fruit and vegetables (Mayer and Harel, 1979). The high 
degree of susceptibility to browning of medlar fruit are mostly due 
to its high concentration of phenolics. Browning symptoms in med¬ 
lars result from the oxidation of polyphenols by PPO (Aydin and 
Kadioglu, 2001; Dincer et al„ 2002; Ayaz et al„ 2008). In this study, 
the increases external skin browning was correlated with a reduc¬ 
tion in total phenolics. Similar results were also obtained by Selcuk 


and Erkan (2015). It has been reported that levels of PPO and pheno¬ 
lics may change during fruit development and ripening which may 
influence the potential damage in loquat fruit (Cai et al., 2006). 

3.5. Color 

The most important factor during marketing of fruit and veg¬ 
etables for consumers is color. During storage, skin color changes 
of control and 1-MCP treated groups are shown in Table 1. At the 
beginning of storage, all the fruit had values of 56.60 for L*, 38.56 
for C* and 83.54 for h° (Table 1 ). In this study, storage time affected 
the color and V, C* and h° values linearly decreased during the stor¬ 
age period. The decline in C* and h° values was slower at 0.4 and 
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Table 2 

Total phenolic, total flavonoid, total condensed tannin, and ascorbic acid concentrations and antioxidant activity of 'Istanbul’ medlars during cold storage. 


Testing index 

Treatments 

Storage time (days) 





Day 0 

Day 15 

Day 30 

Day 45 

Day 60 

Overall 

Total phenolic contents (mg GAE 100g -1 fw) 

Control 


985.03a 

776.30bcd 

658.85d 

301.15ef 

83.73g a 

561.01B 1 ’ 


0.2 (jlLL - 1 

1-MCP 

985.03a 

822.48bc 

698.18cd 

347.5 le 

98.64g 

590.37B 


0.4|xLL-' 

1-MCP 

985.03a 

900.91 ab 

716.36cd 

357.55e 

114.27g 

614.82AB 


0.6 jjlLL 1 

1-MCP 

985.03a 

965.64a 

737.88cd 

432.00e 

193.55fg 

662.82A 


Overall 


985.03a 

866.33b 

702.82c 

359.55d 

122.55e 


Total flavonoid contents (mgCE 100g -1 fw) 

Control 


1085.65a 

724.07c 

659.48c 

263.68d 

43.97e 

555.37C 


0.2 (jlLL - 1 

1-MCP 

1085.65a 

868.44b 

677.81c 

280.10d 

77.30e 

597.86BC 


0.4 |xLL-' 

1-MCP 

1085.65a 

1015.37a 

695.11c 

300.54d 

79.86e 

635.30AB 


0.6 |xLL-’ 

1-MCP 

1085.65a 

1030.13a 

708.00c 

358.02d 

92.16e 

654.79A 


Overall 


1085.65a 

909.50b 

685.10c 

300.58d 

73.32e 


Total condensed tannin contents (mgCE 100g -1 fw) 

Control 


1385.87a 

915.82cd 

899.98d 

248.86ef 

62.99g 

702.70C 


0.2 |xLL-’ 

1-MCP 

1385.87a 

1192.54b 

904.32d 

273.72ef 

86.57g 

768.61 B 


0.4 |xLL-’ 

1-MCP 

1385.87a 

1301.08a 

1027.06cd 

294.49e 

92.95g 

820.29AB 


0.6 jjlLL 1 

1-MCP 

1385.87a 

1340.11a 

1053.04c 

333.97e 

142.62fg 

851.12A 


Overall 


1385.87a 

1187.39b 

971.10c 

287.76d 

96.28e 


Ascorbic acid contents (mg 100g -1 fw) 

Control 


12 . 10 a 

7.53c 

3.17d 

1.14efg 

0.75g 

4.94B 


0.2 (jlLL - 1 

1-MCP 

12 . 10 a 

8.33bc 

3.90d 

1.53efg 

0.75g 

5.32AB 


0.4|xLL-' 

1-MCP 

12 . 10 a 

8.98b 

4.15d 

1.97ef 

0.77g 

5.59A 


0.6 jjlLL 1 

1-MCP 

12 . 10 a 

9.19b 

4.32d 

2.04e 

0 . 86 fg 

5.70A 


Overall 


12 . 10 a 

8.51b 

3.88c 

1.67d 

0.78e 


EC 50 values c (mgfwmg -1 DPPH) 

Control 


4.33e 

6.91e 

7.59e 

20.09d 

43.35a 

16.45A 


0.2 |xLL-' 

1-MCP 

4.33e 

4.69e 

7.47e 

18.62d 

39.08b 

14.84B 


0.4|xLL-' 

1-MCP 

4.33e 

4.72e 

7.lie 

17.67d 

36.23b 

14.01B 


0.6 |xLL-’ 

1-MCP 

4.33e 

4.52e 

6.92e 

17.40d 

27.38c 

12.11C 


Overall 


4.33d 

5.21 d 

7.27c 

18.45b 

36.51a 



a Means in the same row with different letters are significantly different at P< 0.05 by Duncan’s multiple range test. 
b Means in the same column with different letters are significantly different at P < 0.05 by Duncan’s multiple range test. 
c EC 5n ol'Trolox was determined as 0.12 ± 0.01 mg mg 1 DPPH. 


0.6(xLL 1 1-MCP treated fruit than control and 0.2|xLL -1 1-MCP 
treated fruit (overall values). When harvested the color of fruit is 
still greenish brown, however, on day 30, the color had changed 
to brownish, by day 45 the color was dark brown and by day 60 it 
was blackish brown color. These changes occurred much slower in 
0.4 and 0.6 jjlL L —1 1-MCP treated fruit than control and 0.2 jjlL L —1 
1-MCP treated fruit. Also, 1-MCP delayed color changes in mangos- 
teen (Piriyavinit et al„ 2011), pear (Li et al„ 2013) and plum (Minas 
et al„ 2013). 

3.6. Titmtable acidity, and total soluble solids 

Malic acid is the major organic acid in medlar fruit (Selcuk and 
Erkan, 2015). The titratable acidity (TA) decreased during the stor¬ 
age period in both the 1-MCP treated and control fruit. However, 
these decreases were much slower in 1-MCP treated fruit (over¬ 
all values) (Table 1 ). TA is directly related to the amount of organic 
acids present in the fruit, and a reduction in acidity may be expected 
as a result of metabolic changes in fruit or due to the use of organic 
acids in the respiratory process (Maftoonazad et al., 2008). TA loss 
was significantly delayed or maintained by 1-MCP in guava (Singh 
and Pal, 2008), jujube (Zhang et al., 2012), pear (Li et al., 2013) and 
plum, (Minas et al., 2013). 

Total soluble solids (TSS) is a critical factor for determining fruit 
quality and consumer acceptability in horticultural products. TSS 
content of 1 -MCP treated and control fruit during storage are shown 
in Table 1. TSS levels at the beginning of storage were 15.17% and 
increased gradually during storage in control and 1-MCP treated 
medlars. As in our study, in other fruit such as persimmon (Salvador 
et al., 2004), guava (Bassetto et al., 2005), goldenberry (Gutierrez 
et ai., 2008) and plum (Minas et al., 2013), soluble solids were not 
affected by 1-MCP treatments. Delay in the increase of TSS content 
was reported for high bush blueberry (Chiabrando and Giacalone, 
2011 ), jujube (Zhang et al., 2012), guava (Singh and Pal, 2008), pear 
(Li et al., 2013), and broccoli (Fernandez-Leon et al„ 2013). 


3.7. Total phenolic contents, total flavonoid contents, total 
condensed tannins, ascorbic acid and antioxidant activity 

The contents of total phenolics and total flavonoids decreased 
during the storage period in all 1-MCP treated medlars as well as 
control fruit (Table 2). In general, 0.4 and 0.6 p,LL _1 1-MCP treat¬ 
ments delayed the contents of total phenolics and total flavonoids 
decrease. The 0.4 and 0.6p.LL~’ 1-MCP were the most effective 
treatments in maintaining higher levels of total phenolics and total 
flavonoids (overall values) during storage period. The reduction 
in loss of phenolics by 1-MCP treatments are consistent with the 
retard of fruit ripening and senescence. It has been reported that 
1-MCP prevents or delays loss of total phenolics in goldenberry 
(Valdenegro et al., 2012), plum (Singh and Singh, 2012), pear (Li 
et al., 2013) and broccoli (Fernandez-Leon et al., 2013). Total phen¬ 
olics and total flavonoids contents declined and external browning 
increased over the 60 days of storage period. A significant nega¬ 
tive correlation was observed between total phenolics contents and 
the external browning index (data not shown). Ayaz et al. (2008) 
mentioned that as the medlars ripening progressed through ripe to 
over-ripe, there was an apparent gradual decrease in the total phe¬ 
nolic concentrations, which is connected with an increased PPO 
activity. 

Medlar fruit contain a large amount of condensed tannins which 
has an astringent taste (Selcuk and Erkan, 2015). In flavor, pheno¬ 
lic compounds are major substances responsible of astringency, in 
which tannins, catechins, and epicatechins have been identified as 
astringent molecules (Clifford et al., 1997). In the present work, a 
high level of total condensed tannins was determined in medlar 
fruit (1385.87 mg CE 100 g _1 fw) at harvest. The total condensed 
tannins declined gradually in both control and 1-MCP treated fruit 
during storage. The reduction in this important metabolite could 
be slowed by using different storage techniques. The decrease in 
total condensed tannins was lower in 1-MCP treated medlars than 
in control fruit (Table 2). But it is clear that applications of 0.4 
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Table 3 

Organic acid and sugar contents of‘Istanbul’ medlars during cold storage. 


Testing index 

Treatments 

Storage time (days) 





Day 0 

Day 15 

Day 30 

Day 45 

Day 60 

Overall 

Malic acid (mg 100 g -1 fw) 

Control 


1919a 

1841ab 

1645d 

1239g 

1192g a 

1567C b 


0.2 |jlL L 1 

1-MCP 

1919a 

1856ab 

1678cd 

1344ef 

1276fg 

1615B 


0.4 (cLL- 1 

1-MCP 

1919a 

1877a 

1736cd 

1363ef 

1286fg 

1636AB 


0.6 (jlLL- 1 

1-MCP 

1919a 

1880a 

1772bc 

1390e 

1340ef 

1660A 


Overall 


1919a 

1864b 

1708c 

1334d 

1273e 


Succinic acid (mg 100 g -1 fw) 

Control 


596.93a 

531.32abc 

511.37be 

476.68cde 

442.81 e 

511.8A 


0.2 |jlL L 1 

1-MCP 

596.93a 

523.25ad 

516.77be 

478.17cde 

445.09de 

512.0A 


0.4 |jlLL 1 

1-MCP 

596.93a 

535.14abc 

520.07ae 

483.64be 

448.38de 

516.8A 


0.6 (jlLL 1 

1-MCP 

596.93a 

561.02ab 

549.06abc 

498.60be 

475.45cde 

536.2A 


Overall 


596.9a 

537.7b 

524.3b 

484.3c 

452.9c 


Quinic acid (mg 100 g -1 fw) 

Control 


789.86a 

773.67a 

723.67a 

716.30a 

559.53b 

712.60A 


0.2 ijlLL- 1 

1-MCP 

789.86a 

756.74a 

731.16a 

719.04a 

563.74b 

712.11A 


0.4 (ALL- 1 

1-MCP 

789.86a 

765.10a 

742.02a 

723.06a 

580.08b 

720.02A 


0.6 (JlLL- 1 

1-MCP 

789.86a 

776.65a 

758.70a 

737.60a 

591.46b 

730.85A 


Overall 


789.86a 

768.04ab 

738.89ab 

724.00b 

573.70c 


Oxalic acid (mglOOg -1 fw) 

Control 


45.62a 

42.79a 

31.78b 

27.25bcd 

22.87d 

34.06B 


0.2 (JlLL- 1 

1-MCP 

45.62a 

43.21a 

32.36b 

28.92bcd 

23.91 cd 

34.80B 


0.4 (JlLL- 1 

1-MCP 

45.62a 

44.36a 

33.19b 

29.94bcd 

26.78bcd 

35.98AB 


0.6 (JlLL- 1 

1-MCP 

45.62a 

44.68a 

43.16a 

30.50bc 

27.59bcd 

38.31A 


Overall 


45.62a 

43.76a 

35.12b 

29.15c 

25.29d 


Citric acid (mg 100 g -1 fw) 

Control 


22.96a 

14.14d 

9.35f 

4.13h 

3.07h 

10.73C 


0.2 (JlLL- 1 

1-MCP 

22.96a 

16.50bc 

11.60e 

6.06g 

3.41 h 

12.10B 


0.4 (JlLL- 1 

1-MCP 

22.96a 

16.66bc 

11.93e 

6.17g 

3.78h 

12.30B 


0.6 (JlLL- 1 

1-MCP 

22.96a 

17.08b 

15.51c 

6.24g 

4.15h 

13.19A 


Overall 


22.96a 

16.09b 

12 .10c 

5.65d 

3.60e 


Fructose (mglOOg -1 fw) 

Control 


7654a 

7988a 

8011a 

8033a 

7657a 

7869A 


0.2 (JlLL- 1 

1-MCP 

7654a 

7984a 

8093a 

8108a 

7951a 

7958A 


0.4 (JlLL- 1 

1-MCP 

7654a 

7891a 

7897a 

7908a 

8074a 

7885A 


0.6 (JlLL- 1 

1-MCP 

7654a 

7890a 

8004a 

8082a 

8108a 

7948A 


Overall 


7654b 

7938a 

8001a 

8033a 

7948a 


Glucose (mg 100g -1 fw) 

Control 


6095e 

6987a 

6551bcd 

6301cde 

6048e 

6396A 


0.2 (JlLL- 1 

1-MCP 

6095e 

6888 ab 

6839ab 

6609abc 

6070e 

6500A 


0.4 (JlLL- 1 

1-MCP 

6095e 

6817ab 

6785ab 

6566bcd 

6220de 

6496A 


0.6 (JlLL- 1 

1-MCP 

6095e 

6871ab 

6731ab 

6595ad 

6279cde 

6514A 


Overall 


6095c 

6891a 

6727a 

6518b 

6154c 



a Means in the same row with different letters are significantly different at P< 0.05 by Duncan’s multiple range test. 
b Means in the same column with different letters are significantly different at P < 0.05 by Duncan’s multiple range test. 


and 0.6 jjlL L —1 1-MCP resulted in better preservation of condensed 
tannins in medlars during postharvest storage (overall values). 
Tannins are polyphenolic secondary metabolites of higher plants. 
Tannins are usually divided into the flavonoid derived condensed 
tannins, and into hydrolysable tannins (Khanbabaee and Ree, 2001 ). 
Condensed and hydrolyzable tannins of relatively high molecu¬ 
lar weight have also been shown to be effective antioxidants with 
greater activity than simple phenolics (Hagerman et al„ 1998). The 
quantity and quality of polyphenols present in plant foods can vary 
greatly due to factors such as plant genetics, soil composition and 
growing conditions, state of maturity and postharvest conditions 
(Faller and Fialho, 2009). 

Though an overall decrease in ascorbic acid content was 
observed during storage, it was retained at higher levels in 1-MCP- 
treated fruit. After 60 days of storage, the control fruit showed 
lower amounts of ascorbic acid, while the concentrations of 0.4 
or 0.6p-LL -1 1-MCP caused a delay in this decrease the ascorbic 
acid content. 1-MCP treatments had resulted higher amount of 
ascorbic acid contents at the end of storage period (overall val¬ 
ues). The preservation of higher ascorbic acid contents might have 
resulted from the 1-MCP-induced retarded ripening in medlar fruit 
(Tables 1 and 2 ). Similar observations were reported in guava (Singh 
and Pal, 2008 ), goldenberry ( Valdenegro et al., 201 2), jujube (Zhang 
et al„ 2012), pear (hi et ah, 2013) and broccoli (Fernandez-heon 


et ah, 2013). However, ascorbic acid contents were unaffected by 
1-MCP treatments in guava (Bassetto et ah, 2005) and goldenberry 
(Gutierrez et ah, 2008). 

The EC 50 parameter was widely used by different authors 
to measure the antioxidant power (Vinson et ah, 1995; Brand- 
Williams et ah, 1995), and according to them, the lower EC 5 o 
reflects the higher antioxidant power. The initial EC 5 o value 
at harvest was 4.33 mg fw mg -1 DPPH and increased in control 
fruit to 7.59mgfwmg _1 DPPH, within 30 days, reaching around 
43.35 mg fw mg -1 DPPH at 60 days (Table 2). After 60 days of stor¬ 
age, EC 5 o values of fruit treated with 0.6 pTh -1 1-MCP reached 
27.38 mg fwmg -1 DPPH (the highest antioxidant activity). In the 
present study, we have found that the over-ripe fruit also lost 
its functional properties and antioxidant capacity. However, the 
decrease was smaller in 0.6 pXh -1 1-MCP treated fruit than in the 
other treatments and control fruit at the end of storage in pal- 
liflex system (60 days). Our results suggest that 0.6 p,hh _1 1-MCP 
treatment enables medlars to maintain a high level of antioxidant 
activity. Previous studies on the effect of 1-MCP on the antiox¬ 
idant activity of fruit during storage in different conditions are 
contradictory. Chiabrando and Giacalone (2011) showed that 1- 
MCP treatment had no effect on the antioxidant activity in high 
bush blueberry, while Sun et al. (2012) and Hoang et al. (2011) 
found higher antioxidant activity in 1-MCP treated Chinese kale 
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and apple. The inconsistency in antioxidant activity results during 
storage may be caused by the different cultivars, storage conditions 
and the analytical methods used (Hoang et al., 2011 ). 

There is increasing evidence that consumption of a variety of 
phenolic compounds present in natural foods may lower the risk 
of serious health disorders because of the antioxidant activity of 
these compounds (Hertog et al., 1993). Medlars are rich sources of 
dietary phenolics with antioxidant properties that are associated 
with a wide range of health benefits (Gruz et al., 2011; Nabavi et al., 
2011; Gulcin et al., 2011). Our study indicates that total phenolics, 
total flavonoids, total condensed tannins and ascorbic acid are an 
important antioxidants in medlar fruit, and those are critical factors 
in determining the quality of medlars. 

3.8. Organic acids and sugars content 

The changes in organic acids content of medlars during storage 
at 0°C are shown in Table 3. Four major organic acids, consist¬ 
ing of malic, succinic, quinic, oxalic and citric acid were detected 
in the ‘Istanbul’ medlars during storage. This study indicates that 
malic acid is the most abundant organic acid, followed by succinic, 
quinic, oxalic and citric acids in medlars, as reported previously in 
other medlar cultivars (Romero-Rodriguez et al., 2000; Clew et al., 
2003a,b; Selcuk and Erkan, 2015). 

In general, a gradual decrease in malic acid content was 
observed during the entire storage period (Table 3). However, in 
control fruit the contents of malic acid were lower as compared 
to 1-MCP treated fruit, and the rate of reduction in malic acid 
content was directly proportional to the concentrations of the 1- 
MCP treatments, whereas the highest contents of malic acid were 
observed in 0.4 and 0.6 p,LL~' 1-MCP treated fruit (overall values). 
The present results revealed that 1-MCP treatments influenced the 
internal quality of medlars resulting in the delay of fruit soften¬ 
ing and organic acids degradation. Similar changes in malic acid 
contents during storage were reported in apple (Defilippi et al., 
2004; Bai et al., 2005). Because organic acids are substrates of respi¬ 
ration, their levels typically decrease as a result of ripening related 
metabolism during the postharvest period (Bai et al., 2005). It is 
also believed that 1-MCP treatments reduce the rate of respiration 
and may therefore delay the utilization of organic acids (Defilippi 
et al., 2004). 

Succinic and quinic acids contents decreased in all treatments 
during whole storage period (Table 3). 

The oxalic and citric acid contents of fruit declined during stor¬ 
age (Table 3). The highest oxalic acid content were in 0.4 and 
0.6 p,L L _1 1 -MCP treated fruit, whereas, it was the lowest in control 
and 0.2 p,LL _1 1-MCP treated fruit on day 60 (overall values). The 
highest citric acid content was in 0.6p,LL _1 1-MCP treated fruit, 
whereas, it was lowest in control fruit on day 60 (overall values). 
The fruit treated with 1-MCP maintained higher citric acid during 
storage probably due to delay in ripening process. Higher levels 
of organic acids are expected in less ripe fruit, and a decrease is 
expected through ripening and senescence (Mao et al., 2007). 1- 
MCP is known to delay ripening (Blankenship and Dole, 2003). 
Antunes et al. (2010) observed lower citric acid loss during stor¬ 
age in kiwifruit treated with 1 -MCP. Similar changes in citric acids 
contents during storage were reported in apple (Defilippi et al., 
2004). 

Fructose, glucose and sucrose were the main soluble com¬ 
ponents in medlar mesocarp tissue, as previously reported 
(Romero-Rodriguez et al., 2000; Aydin and Kadioglu, 2001; Clew 
et al., 2003a,b). The composition of these three sugars plays a key 
role in determining the sweetness of medlar fruit. In the present 
study, fructose was the major sugar present in medlar fruit followed 
by glucose and sucrose. Sucrose was detected, but was at or below 
the limit of quantification in almost all samples and thus they were 


not considered. During storage, sucrose content declined rapidly 
(data not shown). It is probable that sucrose was hydrolyzed during 
storage, yielding glucose and fructose. Clew et al. (2003b) reported 
high levels of sucrose at 1 week after harvest and decreased at 2 
and 3 weeks after harvest. 

In control and 0.2 jjlL L 1 1-MCP treated fruit, fructose content 
increased during the 45 days of storage then decreased for the rest 
of the storage period. Apparently, this increase is a result of the 
ripening process. On the other hand, the fructose content of 0.4 and 
0.6 p,LL _1 1-MCP treated fruit increased during the whole storage 
period. After 60 days of storage, the medlars treated with 0.6 p.L L _1 
1-MCP had higher fructose content than the other 1-MCP treated 
and control fruit probably due to delayed fruit ripening at 0.6 p.L Ir 1 
1-MCP (Table 3). However, there were no significant differences 
between control and 1-MCP treatments on fructose content. Clew 
et al. (2003b) found higher levels of fructose and glucose at 2 weeks 
after harvest than at 1 week after harvest in ‘Dutch' medlars. 

The glucose content increased until the 15 days of storage then 
decreased in all treatments (Table 3). The highest glucose contents 
were recorded in the 0.4 and 0.6 p,L L _1 1-MCP treated fruit after 60 
days of storage. Similar to fructose content, there were no signifi¬ 
cant differences between control and 1-MCP treatments on fructose 
content. The decreases in sugars content during ripening and dur¬ 
ing storage of medlars have already been reported by others (Clew 
et al., 2003a,b; Selcuk and Erkan, 2015). 

In conclusion, this study is the first report on antioxidant activ¬ 
ity, organic acids and sugars changes in medlar fruit in response 
to 1-MCP. There were profound changes in texture, color, flavor 
and antioxidant activity during medlar storage life, leading to over¬ 
ripening. However, our results show that 1-MCP is effective at 
delaying ripening of medlar fruit at low temperature, and subse¬ 
quent ripening was not impaired during long term storage. 1-MCP 
treatment at 0.4 and 0.6 pXL -1 at 0°C temperature maintained the 
postharvest life, delayed weight loss and loss of taste, slowed soft¬ 
ening and skin browning, as well as reduced the changes in C* 
and h° values of the medlars. 1-MCP treatments also retarded the 
decline of titratable acidity. Furthermore, 0.4 and 0.6 p,LL _1 1-MCP 
treatment reduced the decreases of total phenolics, total flavonoids, 
total condensed tannins, ascorbic acid, as well as individual organic 
acids (malic and oxalic acids) in medlars. Moreover, 0.6p,LL _1 1- 
MCP treated fruit maintained higher antioxidant activity and citric 
acid contents. To the best of our knowledge, this is the first study 
reporting the successful application of 1-MCP treatment on medlar 
fruit. Our results suggest that 1-MCP treatment in palliflex storage 
system may be a promising technique to extend postharvest life 
and maintain quality of medlars. 
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